claim to have identified an error in the statistical methodology for estimating fire frequency based on what they call the "reverse cumulative standing age distribution" of the forest. They argue by way of analogy with static life-table analysis in population ecology. However, as we will demonstrate in this reply, their arguments are incorrect because the analogy is not valid. We will endeavour to clarify the issues involved by pointing out the source of their error and outlining correct procedures.
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The analogy of Huggard and Arsenault between forest stands and animals is flawed because of the different nature of entry into the population in the two cases (birth of animals or establishment of stands). In a population of animals, the rate of births of animals may depend on the current population size (density dependence) or be density independent. It is unlikely to depend on the rate of deaths in the population. But this is exactly what happens in a forest vulnerable to standreplacing fires. The establishment of a new stand (a birth) occurs only after an area, including at least part of one or more stands, is killed by a stand-replacing fire. The forest area burned gives rise to a new stand and thus the size of the population of stands (i.e., the total forest area) remains constant.
Let us pursue this further using Huggard and Arsenault's example with the unicorns. Of three unicorns, one dies in its first year, one dies in its second year, and one dies in its third year. Huggard and Arsenault correctly identify the per capita age-specific mortality rates as 0.33 for newborns, 0.5 for 1 year olds, and 1 for 2 year olds. Discussion 1815 But suppose the unicorns were trees and that initially there were 3 ha of newly established forest, with 1 ha burning in the first year, 1 ha burning in the second year, and another hectare in the third year. In this case 1 ha of forest will be established in each year, following that year's fire. The average rate of burning is (1 + 1 + 1)/(3 + 3 + 3) = 0.33/year. The standing age distribution will evolve as the left column of Fig. 1 (scenario 1) . Certainly this cannot be used to determine age-specific mortalities as Huggard and Arsenault recommend. For example, in the second panel down there is more 1-year-old forest than newly established forest; and from the third and fourth panels one would assess the mortalities as zero.
An important point to note is that other patterns of fire could result in the same final age-class distribution as that above. An alternative is shown in the right column of Fig. 1 (scenario 2). Again we start with 3 ha of newly established forest at time zero. However, this time all of this area burns in the first year and is set back to zero. In the second year 1 ha of this burns and in the third year 1 ha of age 1 forest burns. The average rate of burning for this scenario is (3 + 1 + 1)/(3 + 3 + 3) = 0.56/year. From this example it should be clear that one cannot determine exactly the past average rate of burning from the current age-class distribution alone. The reason for this is that one only has information on the latest fire at any location, not on all previous fires at that location. The land occupied by younger stands may have been burned over many times since the establishment of some of the older stands.
This fact must be taken into account in estimating the past rate of fire. Inference must be based only on known quantities. For what happened j years ago we use data only for stands of j or more years of age (areas containing stands younger than that may or may not have burned; we have no way of telling). Of the stands of j or more years of age, we know that the area of forest j + 1 years of age or older survived through that year (more may have survived but subsequently have been burned, ending up in a younger age-class, but again we have no way of telling). Using only the known quantities one can obtain an estimate of the survival rate j years ago as the ratio of the area of stands j + 1 years of age or older to that of stands j years of age or older. If one assumes a constant hazard of burning over the time since the oldest stand was established one can obtain an estimate of the common survival rate by looking at the ratio of the sum (over all years) of areas known to have survived to the sum of areas known to have been vulnerable i.e. 
where A i is the observed area in age-class i and k is the number of age-classes observed.
Note that in this expression both the numerator and denominator involve sums of cumulative areas (areas of age j or older). In other words, it is based on what Huggard and Arsenault call the reverse cumulative standing age distribution. While the estimate above has been established essentially from "common sense" arguments, it should be noted that it can be justified using the paradigm of maximum likelihood. This is shown in Reed et al. (1998) .
To see how the estimate works in practice let us look at the reverse cumulative standing age distribution for the two scenarios shown in Fig. 1 . These are displayed in Fig. 2 . For scenario 1, after 3 years the estimate of the survival rate is 0.5 = (2 + 1)/(3 + 2 + 1) and so the estimated rate of burning is 0.5. It is the same for scenario 2, since it has the same standing age distribution and hence the same reverse cumulative age distribution. The actual average rate of burning for scenario 1 is 0.33 = (1 + 1 + 1)/(3 + 3 + 3), while a simple calculation shows that for scenario 2 it is 0.56 = (3 + 1 + 1)/ (3 + 3 + 3). Thus the procedure overestimates the true average rate of burning for scenario 1, but underestimates it for scenario 2. This is not surprising, because in scenario 2 there was some forest burned twice, for which no record of the first fire remained after three periods. In scenario 1 this did not occur.
Note that in this analysis no assumption of the forest having reached a stationary age distribution was required. It was assumed only that the hazard of burning had been constant and age independent. It is not difficult to adjust the methodology and the estimates for a hazard of burning that has been constant over epochs separated by discrete change points, Fig. 1 . The evolution of the standing age distribution of a forest under two scenarios. In each panel the vertical axis gives the area in the age-classes on the horizontal axis. For both scenarios initially there are 3 ha of newly established forest (top row). Under scenario 1, 1 ha of this area burns in each of years 1, 2, and 3 (2 ha survive to become 1 year older). The resulting standing age distributions after each year are shown in the second, third, and fourth rows, respectively, of the left column. Under scenario 2 all 3 ha of forest burn in year 1, followed by 1 ha of the oldest standing forest in each of years 2 and 3. The right column shows the resulting standing age distributions. Note that both scenarios result in the same final standing age distribution even though the total area burned is different in each.
provided that it is still age independent (see Reed et al. 1998) . However, if one wants to include an age-dependent hazard it becomes necessary to assume that stationarity has been reached, at least at some time in the recent past (Reed 1994) . It does not seem to be possible to proceed in the case where the hazard of burning is both age dependent and temporally inhomogeneous, because time and age effects become confounded. The difficulty in dealing with an agedependent hazard of burning is that from a standing age distribution alone, it is not possible to determine the age at which stands have burned. A difficulty not discussed above (nor in the Huggard and Arsenault commentary) lies in the fact that observed ages at different sites may not be independent, because of the fact that fires spread spatially. This problem can be overcome by employing an overdispersed model and using a quasi-likelihood approach (see Reed et al. 1998) . This has no effect on point estimates, but standard errors and confidence intervals are affected. An alternative approach is to use a parametric model incorporating contagion effects like that based on the Dirichlet distribution (Reed 1994 (Reed , 1997 . Another important question is that of identifying temporal change points for the hazard of burning. This has been addressed in two recent papers (Reed 1998 (Reed , 2000 .
In summary the method of analysis based on the standing age distribution recommended by Huggard and Arsenault is incorrect, basically because of a fundamental difference between forest stand dynamics and the dynamics of animal populations. Unfortunately in the muddled logic of their commentary Huggard and Arsenault have succeeded in further spreading confusion in a field where, regrettably, confusion is all too common.
We urge readers to ignore the incorrect method recommended by Huggard and Arsenault and instead use the correct methodologies outlined here and described in detail in the papers cited in the following reference list.
